Safe water is essential for life. Consumption of arsenic and manganese contaminated water poses a range of health effects to humans. Physico-chemical and bacteriological characteristics of groundwater at five administrative upazillas in Kushtia District, Bangladesh, have been studied to evaluate the potability of water for drinking purpose from 32 randomly selected tube wells (TWs).
INTRODUCTION
Water is the most fundamental commodity to the survival of life (WHO a). Therefore, major requirements are not only to have sufficient supply, but also to have quality water that must be considered safe for human consumption (Amanatidou et al. ) . This is a vital promise for public health and also essential to environmental security and sustainable development certainty (Eze & Madumere ) .
Groundwater is the world's largest source of fresh potable water (Howard ) . Worldwide it provides an estimated chemical fertilizer and microbial substances on the land surface and into soils, or through injection of wastes directly into groundwater. Industrial discharges (Govindarajan & Senthilnathan ) and urban activities can affect groundwater quality. Thus, pesticides and fertilizers applied to lawns and crops can coagulate and migrate to water tables which affect the physical, chemical, and bacteriological quality of water.
In rural areas, the familiar type of sanitation, pit latrines, pose a great risk to the bacteriological quality of groundwater. A septic tank can introduce bacteria into water.
Poor sanitary completion of TWs may lead to contamination of groundwater. Proximity of some TWs to solid waste dumpsites and animal droppings being littered around them (Bello et al. ) could also contaminate the quality of groundwater.
Residents, especially in rural areas, depend on groundwater resources. The quality of water from these sources is unpredictable; usually in some areas it may contain high quantities of arsenic (Von Brömssem et al. ) which is of particular concern (Van Vuuren ) to us. In some articles, high levels of iron, manganese and hardness problems in groundwater elsewhere have also been reported (Rahman et al. ) . As far as we are aware, no report has been published concerning the physico-chemical and bacteriological properties of these areas.
The objective of this research was to monitor the water quality of this area for human potability concerning physicochemical and bacteriological contaminants and possible impact on human health.
MATERIALS AND METHODS

Study area
Kushtia district is located in the Khulna administrative division of the western part of Bangladesh. It is bordered by the mighty Padma River to the north, Jhenaidah district to the south, Rajbari district to the east, Meherpur, Chuadanga districts and Nadia and Murshidabad districts of West Bengal (Indian State) to the west. The latitude (N) and longitude (E) position of each location was confirmed by GPS Meter (Garmin eTrex 10) reading which is given in Table 1 .
Sampling and preservation
The drinking water samples from 32 randomly selected TWs (a tube well consists of a long pipe drilled subsurface or deep aquifer into the earth, with a hand pump attached at the top to obtain water) were collected for physico-chemical analyses in prewashed (with detergent, de-ionized water, diluted HNO 3 and completely de-mineralized water, respectively) high density polyethylene (HDPE) bottles from 32 different sources in the region of Kushtia district.
All 32 water samples were collected within a week (third week of September 2017). During sampling the weather conditions were dry (temperature was about 25-27 C). The sampling locations are shown in Figure 1 . The water samples were collected in sterilized sample bottles for bacteriological analyses (fecal coliform (FC) and total coliform (TC)) carried out within 4 h after sampling.
Reagent and solutions
Analytical grade reagent chemicals were applied for the preparation of all solutions. Freshly prepared double deionized distilled water was used in all experiments. 5.0 M Hydrochloric acid (Sigma-Aldrich, USA), 0.6% sodium borohydride solution (Sigma-Aldrich, USA) reagent, 20% potassium iodide (Sigma-Aldrich, USA) solution as a reductant, inert gas argon (as a carrier gas) for HVG system (determination of As), air-acetylene as a fuel gas for direct flame system (determination of Fe and Mn), commercial grade standard solutions (CRM) of As, Fe, Mn solutions (Fluka-Analytical, Switzerland) were employed during the experiments.
Physico-chemical analyses
The physico-chemical water quality was measured in terms of pH, electrical conductivity (EC), total dissolved solids (TDS), chloride, total hardness, arsenic (As), iron (Fe), and manganese (Mn). All examinations were conducted according to American Public Health Association Standard Methods (APHA ).
The pH and EC of water were determined on-site using a multimeter (Model HQ 40d, HACH, USA). The meter was calibrated initially by using two buffer solutions at pH ¼ 4.01 and pH ¼ 7.0 followed by rinsing thoroughly using de-ionized water. The meter was verified after measuring five samples. For EC determination, the meter was calibrated by using standard 1,000 μS/cm NaCl solution and verified after five measurements. pH and EC of the samples were measured while collecting the samples. In the case of TDS measurement, the multimeter (Sension-156, HACH, USA) was calibrated by 1,000 mg/L TDS standard and measured with the same method as EC measurement.
Chloride was analyzed by the standard titrimetric (Argentometric) method (APHA ). Here, silver nitrate (BDH, UK) solution (0.0141N) was used as titrant and potassium chromate (K 2 CrO 4 ) used as an indicator. NaCl was used for the determination of strength of silver nitrate. pH was used as a indicator. 25 mL of the samples were diluted to 50 mL by distilled water, and 1 mL of buffer solution (pH ¼ 10) was added in a conical flask, as well as two drops of indicator solution. Then, the solution was titrated with EDTA, until the last reddish tinge disappeared (the solution is normally blue) (APHA ).
Arsenic, iron, and manganese were analyzed by atomic absorption spectrophotometric (AAS) method (APHA ). First, preparation of calibration curve was done by using working standard solutions of different concentrations from certified reference material (CRM). As (V) is reduced to As(III) using potassium iodide and sodium borohydride reagent to form arsine vapor by the use of carrier gas argon and detect the total arsenic at 193.7 nm wavelength.
This process is called hydride vapor generation (HVG).
Iron and manganese is analyzed by atomization process (direct flame) creating a flame by the combustion of air and acetylene gas (flame temperature nearly about 2,200 C) at 248.3 and 279.5 nm wavelength, respectively.
Bacteriological analyses (FC and TC)
Water samples were analyzed immediately after collection for the presence of fecal coliforms and total coliforms using membrane filtration method (APHA ). 100 mL from each water sample was filtered through 0.45 μm pore size filter papers. The filters were placed on mFC agar and mENDO agar and plates were incubated aerobically at 45 C and 37 C, respectively, for 21 ± 3 h. Blue and metallic sheen (golden red) colonies on MFC agar and mENDO agar plates were purified and used for bacteria identification tests. For all the assays, positive and negative controls were performed (ISO ).
Data analysis
Data for physico-chemical and bacteriological contaminants in drinking water samples were recorded and analyzed for pH, EC, TDS, chloride, hardness, As, Fe, Mn, FC, and TC.
Mean and standard deviations were calculated from the results of the analysis of the three samples per sampling point. Errors were calculated to ±5%. Results were compared with the Department of Environment (Environment Conservation Rules ), Bangladesh and the WHO drinking water standards.
Water quality index (WQI)
WQI indicates the quality of water in terms of index number which represents overall quality of water for any intended use. It is defined as a rating reflecting the composite influence of different water quality parameters taken into consideration for the calculation of WQI. The indices are among the most effective ways to communicate information on water quality trends to the general public or to policymakers and in water quality management. Mostly, it is considered from the point of view of its suitability for human consumption. In this study, the weighted arithmetic mean method is used for the determination of WQI.
Weighted arithmetic WQI method
The weighted arithmetic WQI method ( (1)-(3) respectively.
where Q i , C i , and S i indicate quality rating scale, experimental concentration of I parameter, and standard value of i parameter, respectively.
Relative weight was calculated by Equation (2):
where the standard value of the i parameter is inversely proportional to the relative weight.
Finally, overall WQI was calculated according to Equation (3):
RESULTS AND DISCUSSION
Physico-chemical characteristics
The results of physico-chemical analysis are summarized in supply drinking water that can be consumed by humans.
These results clearly indicate that water in the study areas was considerably ionized and has a higher level of ionic con- Manganese is a mineral that naturally occurs in rocks and soil, usually with iron. The there are 20 TWs (62.5%) that provide water of manganese concentration higher than 0.1 mg/L, which means that the water supplied by these wells exceeds the BDS standard guideline value and is thus unsuitable for drinking purposes, but according to the WHO standard (0.5 mg/L), the water of ten TWs may be drinkable. Like iron, it is suggested that manganese is most probably produced from different ores that are soluble in groundwater. In other words, the presence of manganese in underground drinking water could be due to its percolation from granitic and metamorphosed rocks into groundwater, i.e., water-rock interaction. In fact, manganese occurs naturally in ores that may erode into groundwater sources.
Bacteriological analysis
In our investigated areas, groundwater is the principal source of drinking water and the major problem in water potability is microbiological contamination (WHO a), mostly associated with fecal contamination from wastewater or landfills (Al-Khatib & Arafat ). The results of the bacteriological analysis are shown in Table 3 and the contamination of fecal and total coliform in our investigated drinking water sources and type of risk are shown in Again, it is observed that no TWs contain higher than 50 cfu/100 mL or 100 cfu/mL FC. At the same time, three TWs contain higher than 50 cfu/100 mL total coliform that could be harmful for humans especially for children as well as older people.
Only one TW has higher than 100 cfu/100 mL of TC, which is ruinous to health (very high risk condition).
Here, it is mentioned that drinking water must be FC and/ 
CONCLUSIONS AND RECOMMENDATIONS
